The prognostic significances of the germinal center B-cell-like (GCB) and non-germinal center B-cell-like (non-GCB) types of diffuse large B-cell lymphoma (DLBCL) have been reported to be different. We analyzed the effect of the cell of origin (COO) of bone marrow (BM) involvement in patients with DLBCL who were treated with rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) in a single institute.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma, accounting for 30% to 40% of new diagnoses. [1, 2] It affects a broad age range of patients and shows a heterogeneous morphologic appearance, immunophenotype, and biological behavior. This heterogeneity led investigators to further subdivide DLBCL into different entities. [3] Based on cDNA microarray data, DLBCL can be divided into the prognostically significant subgroups of germinal center B-celllike (GCB) DLBCL and non-germinal center B-cell-like (non-GCB) DLBCL. [4, 5] Immunohistochemical expression analysis is more cost-effective than cDNA microarray analysis, and Hans et al showed a close correlation between their proposed algorithm based on immunohistochemical staining and cDNA microarray analysis. [6] Many studies have used immunohistochemical expression of CD10, Bcl-6, and MUM1 to classify cases of DLBCL into GCB and non-GCB subtypes. [6] [7] [8] [9] However, the survival data showed conflicting results; in some studies the GCB group showed better survival than the non-GCB group, whereas others showed no significant difference.
In addition to the pathological classification of DLBCL, the International Prognostic Index (IPI) based on the 5 clinical parameters of age, stage, performance status, serum lactate dehydrogenase (LDH) level, and number of extranodal sites is used to predict clinical outcome. [10] Bone marrow (BM) involvement at diagnosis of DLBCL is reported to be 10% to 30%, [11] [12] [13] [14] [15] and although BM involvement at diagnosis is related to poor prognosis, different morphologic types of DLBCL, such as concordant and discordant patterns, have different impacts on prognosis. [16] Editor: Wael Alkhiary.
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Analysis of clinical outcomes according to the cell of origin (COO), such as GCB and non-GCB types, has yielded different results. Moreover, the impact of the COO has been reported to be different after the introduction of rituximab, [17, 18] and the clinical impact of BM involvement based on the COO has not been analyzed in the context of recent clinical trials. The aim of this study was to assess the clinical significance of BM involvement in GCB and non-GCB types based on immunohistochemical expression profiles in patients treated with rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) after controlling for the IPI score.
Patients and methods
We included all patients in the electronic medical records of the Asan Medical Center who met the following criteria:
(i) confirmed diagnosis of DLBCL on a pathology review; (ii) treated with rituximab immunotherapy and combination therapy (R-CHOP); (iii) underwent BM examination; and (iv) for BM-involved cases, BM slides were available for review and additional immunohistochemical staining.
All patients were staged according to the Ann Arbor system, [19] performance status was assigned according to the Eastern Cooperative Oncology Group (ECOG) Scale, [20] and the IPI score was calculated as previously described. [10] The IPI score was considered low when it was 0 to 2 and high when it was 3 to 5.
Two hematopathologists reviewed the BM trephine biopsies. BM involvement was confirmed by immunohistochemical analyses using monoclonal antibodies for CD20 (Novocastra, Newcastle, UK), CD3 (DAKO, Glostrup, Denmark), and CD79a (DAKO), following routine protocols for automated immunohistochemistry on the Ventana Benchmark XT (Ventana Medical Systems, Tucson, AZ). Additional staining of CD10 (Novocastra), Bcl-6 (Cell Marque, Rocklin, CA), and MUM1 (DAKO) were performed to classify the COO.
GCB and non-GCB types were assigned based on the algorithm proposed by Hans et al (Fig. 1) . [6] Despite small variations, expression of CD10 and Bcl-6 has been shown to correlate with GCB DLBCL, and expression of MUM1 has been shown to correlate with non-GCB DLBCL [3] (Fig. 2 ). Ethical approval for this study was obtained from the institutional review board of Asan Medical Center, which is officially accredited by the Forum for Ethical Review Committees in Asia and the Western Pacific.
To compare clinical characteristics between the groups, an independent t-test was used for continuous variables and the x 2 test and Fisher exact test were used for categorical variables. Progression-free survival (PFS) was calculated as the time from the date of first pathological diagnosis to the date of relapse, disease progression, or death from any cause. Overall survival (OS) was calculated from the date of diagnosis until death from any cause. The Kaplan-Meier method was used to assess PFS and OS and the log-rank test was used for comparison between the groups. The Cox proportional hazard model was used to perform multivariate analysis to assess the independent effect of prognostic variables on outcome. Data were analyzed using SAS software (SAS 9.3, SAS Institute Inc., Cary, NC) and SPSS software (SPSS version 18.0 for Windows; SPSS Inc., Chicago, IL).
Results
We identified 633 patients who met the inclusion criteria. Of these, 81 patients (12.8%) presented with BM involvement at the time of diagnosis: 30 (37.0%) had GCB-type BM involvement and 51 (63.0%) showed non-GCB-type involvement. The baseline clinical characteristics were analyzed according to no involvement, GCB-type involvement, or non-GCB-type involvement, and are listed in Table 1 . The mean age was significantly different among the 3 groups (P <.001). All IPI factors showed a statistically significant difference among the groups (P <.003), except for ECOG performance status. As a result, the percentage of patients with a high IPI score was significantly different in the non-GCB (69%), GCB (43%), and no involvement (28%) groups (P <.001).
The 3-year PFS and OS were significantly different among the groups (PFS: 78.8% vs 67.3% vs 43.3%, P <.001 and OS: 74.1% vs 54.9% vs 42.3%, P <.001 for no involvement vs GCB-type vs non-GCB-type; Fig. 3) . However, the difference in PFS and OS between the no involvement group and the GCB-type group was not statistically significant (P =.50 and P =.14, respectively).
Multivariate analysis to control for the effect of the IPI score revealed that non-GCB-type BM involvement had a negative effect on PFS, independent of the IPI score (relative risk [RR], 1.8; 95% confidence interval [CI], 1.2 to 2.7; P =.004) and on OS, independent of the IPI score, with borderline statistical significance (RR, 1.58; 95% CI, 1.0-2.5; = .042) ( Table 2 ).
Discussion
BM examination at DLBCL diagnosis is useful for evaluating disease stage and is included in the IPI, a widely used indicator of clinical prognosis. [10] However, BM involvement can be further stratified based on 3 immunohistochemical markers and used as an indicator of prognosis independent of the IPI score. The algorithm suggested by Hans et al [6] based on CD10, Bcl-6, and MUM1 staining has been evaluated by many groups, with highly controversial results. [21] [22] [23] Moreover, the responses of the GCB and non-GCB DLBCL groups to treatment had been reported to be different according to the therapeutic regimens administered. [18, 24] In our study, we included only patients treated with R-CHOP and evaluated the COO of DLBCL in BM specimens.
The Hans method has 70% to 80% concordance with the gene expression profiling (GEP) classification, while the remaining 20% to 30% of cases are discordant. [6, 21] However, immunohistochemical staining is a widely used method in laboratory settings and is highly cost-effective compared to GEP. Based on our study, classification of BM-involved DLBCL using 3 markers provides a clinically useful prognostic indicator. There were significant differences in the clinical features of no, GCB-type, and non-GCB-type BM involvement, including age, stage, LDH level, and presence of extranodal involvement. The IPI score was significantly higher in the non-GCB group than in the no involvement and GCB groups. The Kaplan-Meier method for survival analysis showed a statistically significant difference in PFS and OS among the no involvement, GCB, and non-GCB groups. Univariate analysis revealed that the non-GCB group had the worst outcome, whereas the difference between the no involvement group and the GCB group was statistically insignificant for both PFS and OS.
The IPI was originally defined and published in 1993 based on mathematical modeling of candidate prognostic factors in 2031 patients with de novo diffuse aggressive lymphoma. [10] In this study, a high IPI score was associated with non-GCB BM involvement, and multivariate analysis was subsequently carried out to investigate whether the COO classification is a prognostic factor independent of the IPI score. Non-GCB BM involvement was found to be a negative prognostic factor for PFS and OS independent of the IPI score. IPI factors had a greater influence on OS; when individual IPI factors were evaluated, LDH level and extranodal sites influenced PFS, and all 5 factors influenced OS. This might be due to the fact that the IPI was designed based on OS rather than PFS. [10] Many issues have been raised regarding the presence of non-GCB DLBCL in elderly patients and whether certain pathological features represent a natural process of aging B cells. [25] The resistance of non-GCB DLBCL to chemotherapy, and the resultant poor prognosis is thought to be due to constitutive activation of NF-kB and its antiapoptotic target genes. [5, 26] The level of neuron-specific enolase is higher in non-GCB DLBCL than in GCB DLBCL, [27] and although the reason for this is not clear, it further defines the biological difference between the 2 subtypes. In the present study, non-GCB BM involvement had CI = confidence interval, GCB = germinal center B-cell like, IPI = international prognostic index, LDH = lactate dehydrogenase, non-GCB = non-germinal center B-cell like, OS = overall survival, PFS = progression free survival, RR = relative risk, ULN = upper limit of normal.
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poorer PFS than that of GCB or no involvement in R-CHOPtreated patients within a single institute.
In conclusion, subdividing BM-involved DLBCL based on the Hans' classification method had clinical significance in our study. Addition of 3 immunohistochemical markers is relatively simple in a laboratory setting, and determining the histological subtype is of clinical value as a prognostic indicator independent of the IPI score.
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